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Description 

FIELD OF THE INVENTION 

The present invention relates to an imnrunological assay for quantifying polyethylene glycol-modif led human gran- 
ulocyte colony stimulating factor (hereinafter refen^ed to as PEQ-modif ied G-CSF) or derivatives thereof and monoclonal 
antibodies used in this method. 

BACKGROUND OF THE INVENTION 

PEG-modified G-CSF and PEQ-modified human granulocyte colony stimulating factor derivative ND28 [JP-A- 
316400/89 (the term "JP-A" used herein means a published unexamined Japanese Patent AppUcation.) con-esponding 
to European Patent No. 0335423, WO90/06952; hereinafter referred to as PEG-modified ND28] have advantageous 
properties such as a longer half life In Wood when compared with human granulocyte colony stimulating factor (U.S. 
Patent No. 4.883.127; hereinafter referred to as G-CSF) and human granulocyte colony stimulating factor derivative 
ND28 (JP-A-267292/88 corresponding to European Patent No. 0272703; hereinafter referred to as ND28). and thus 
have high clinical efficacy. In order to use PEG-modHied G-CSF and PEG-nxxlified ND28 clinically, a specific quantifi- 
cation system using an antibody is necessary in order to ascertain the pharmacokinetics in Wood. However, the PEG- 
modified molecule is not readily recognized by the immune mechanism of a host making it difficult to construct an anti- 
body to it [LYMPHOKINE AND CYTOKINE RESEARCH, 10, 475-480 (1990)]. Ahhough monoclonal antibodies against 
G-CSF and ND28 have been obtained [anti G-CSF monoclonal antitxxJy: JP-A-1 80860/88, J. Immunol. Methods, 
128(2). 211-217 (1990), J. Biol. Chem., 266(35). 23815-23823. anti ND28 monoclonal antibody: JP-A-225495/89 cor- 
responding to European Patent No. 0331186, Agric. Bid. Chem.. Si 1095-1 101 (1989)], to date no antibodies which 
react with PEQ-modified G-CSF or PEG-modified ND28 have been obtained. 

SUMMARY OF THE INVENTION 

An objective of this invention is to construct a nxjnoclonal antibody which reacts with G-CSF or its derivative and 
PEG-modified G-CSF or its derivative and to provide an immunological assay for quantifying PEG-modified G-CSF or 
derivatives thereof using the monoclonal antibody. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the reactivity of monoclonal antibodies KM341. KM342, KM343. KM498, KM509. KM510 and 
KM511 with G-CSF, ND28 and E. co/kJerived contaminant protein NY49 using a binding assay. 

Rgure 2 shows the reactivity of monoclonal antibodies KM341, KM342. KM343, KM498, KM509. KM510 and 
KM51 1 with PEG-modified G-CSF (A) and with PEG-modified ND28 (B) using an inhibition assay. 

Rgure 3 shows the reactivity of the rabbit anti-ND28 antibody with G-CSF, ND28 and E. cofklerlved contaminant 
protein NY49 (A) in a binding assay and with PEG-modified ND28 (B) in an inhtoition assay 

Rgure 4 shows the quantification curves of G-CSF, ND28. PEG-modified G-CSF, PEG-modified ND28 and inter- 
feron Y by sandwich ELISA using KM509 as the first antibody and biotin-labelled rabbit anti-ND28 as the second anti- 
body. 

Rgure 5 shows the quantification curves of G-CSF, ND28, PEG-modified G-CSF. PEG-nrradified ND28 and inter- 
feron Y by by sandwich ELISA using KM51 1 as the first antibody and biotin-iabelled rabbit anti-ND28 as the second anti- 
body. 

Rgure 6 shows the quantification curves of G-CSF. ND28. PEG-modified G-CSF. PEG-modified ND28 and inter- 
feron Y by sandwich ELISA using KM343 as the first antibody and biotin-labelled rabbit anti-ND28 as the second anti- 
body. 

Rgure 7 shows the quantification curves of ND28 and PEG-modified ND28 by sandwich ELISA using the rabbit 
anti-ND28 antibody as the first antibody and peroxidase-labelled rabbit anti-ND28 Fab' as tiie second antibody. 

Rgure 8 shows the quantification curves of ND28 and PEG-modified ND28 by sandwich ELISA using KM511 as 
the first antibody and peroxidase-labelled rabbit anti-ND28 as the second antibody. 

Rgure 9 shows tiie results of the quantification of PEG-modHied ND28 and ND28 in Wood samples collected at 
various time imervals from rats treated witti PEG-modified ND28 and ND28. O represents the PEG-modified ND28 
and ND28 in the Wood of rats treated with PEG-modified ND28. A represents ND28 in tiie blood of rats treated with 
PEG-modified ND28. and • represents ND28 in the Wood of rats treated witii ND28. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an irrununological assay for quantifying PEG-mocfif led Q-CSF or derivatives thereof 
in a sanr^le comprising bringing into contact with said sample an antibody which reacts with G-CSF or its derivative and 

5 with PEG-modified G-CSF or its derivative and a monoclonal antibody which reacts specifically with G-CSF or its deriv- 
ative but not with PEG-modified G-CSF or its derivative. 

Q-CSF has the amino acid sequence shown in SEQ ID N0:1. Q-CSF derivatives used in the present invention is a 
polypeptide available upon replacement of at least one amino acid residue of the amino acid sequence shown in SEQ 
ID NO:1 with another Wrxl of amino acid, e.g., the G-CSF derivatives shown in Table 1 below or a polypeptide deficient 

10 in 1 to 1 1 amino add residues at the N-terminus of the amino acid sequence shown in SEQ ID NO:1. Aside from the 
above polypeptides, the G-CSF derivatives described in EP-A-0243153. EP-A^237545 and WO-A-8701 132 can also 
be used. Among them, ND28 is a polypeptide in which the 1st, 3rd, 4th, 5th and 17th amino acids in the amino add 
sequence of G-CSF are replaced by alanine (Ala), threonine (Thr). tyrosine (Tyr), arginine (Arg) and serine (Ser), 
respectively. 

IS 



Table 1 



Position of substitution 










G-CSF derivatives 










(amino add of G-CSF) 
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Position- 1 (Thr) 




Val 


Cys 


Tyr 


Arg 




Asn 


He 


Ser 
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Ala 


Position-3 (Leu) 


Glu 
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lie 


lie 


Thr 


Thr 


Glu 


Thr 


Thr 


* 


Thr 


Position-4 (Gly) 


Lys 


Arg 


Arg 


Arg 


Arg 


Arg 


Arg 


Arg 


Arg 


Arg 


Tyr 


Position-5 (Pro) 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


* 


Arg 


Position-17 (Cys) 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


* No substitution 



The molecular weight of PEG employed in the present inverrtion is not particularfy limited, and usually from 300 to 
30.000. preferably from 1,000 to 20,000. The method of PEG modification may be any of those known in the prior art 
35 [for example, see J P-A-3 16400/89 corresponding to European Patent No. 0335423, Biotech. Lett.. 14. 559-564 (1992). 
Biotechnology, fi. 343-346 (1990)). 

The PEG molecule binds to eimlno, carboxyl, mercapto or guanldino groups of the G-CSF molecule or G-CSF deriv- 
ative molecule. PEG-modified G-CSF or PEG-modified G-CSF derivative usually has from 1 to 5 molecules of PEG. 
The PEG-modified G-CSF or PEG-modified G-CSF derivatives in the present invention usually have the same number 
40 of PEG molecules collected by separation, or a mixture of those having different numbers of PEG molecules may be 
employed without separation. 

The antibody which reacts with G-CSF. its derivative, PEG-modrfied G-CSF and its derivative according to the 
present invention (hereinafter referred to as antibody A) may be either a polydonal antibody or monodonal anltoody. 
Examples of anttoody A are rabbit anti-ND28 antibody produced as described below as well as monodonal antibody 
45 KM509 produced by hybridoma cell line KM509. Hybridoma cell line KM509 was deposited under the Budapest Treaty 
with National Institute of Biosdence and Human-Technology, Agency of Industrial Sdence and Technology in Japan 
since August 9, 1994 under PERM BP-4774. 

An example of the monodonal antibody which reacts specifically with G-CSF derivative but not with PEG-modified 
G-CSF and its derivative according to the present invention (hereinafter referred to as antibody C) is monoclonal anti- 
so body KM511 produced by hybridoma cell line KM51 1, which reacts specifically with ND28 but not witii PEG-modified 
G-CSF or PEG-modified ND28. An example of the monodonal antibody which reacts specificalty with Q-CSF but not 
with PEG-nxxiified G-CSF. its derivative and a G-CSF derivative (hereinafter refered to as antibody B) is monoclonal 
antibody KM343 produced by hybridoma cell line KM343, which reacts specifically with G-CSF but not with PEG-mod- 
ified G-CSF or PEG-modified ND28. Hybridoma cell lines KM511 and KM343 were deposited under the Budapest 
55 Treaty with National Institute of Biosdence and Human-Technology, Agency of Industrial Science and Technology in 
Japan since November 10. 1994 under PERM BP -4880 and FERM BP-4879, respectively 

The immunological assay employed in the present invention may be a radioimmunoassay using the solid-phase 
sandwich method or enzyme-linked immunosorbent assay (ELISA). 
The present invention is further described below. 
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In the method of quantifying PEG-modrfied G-CSF or derivatives thereof according to the present invention, a quan- 
tification system (quantification system 1) of PEG-modrfied Q-CSF or its derivative by an immunological assay employ- 
ing an antibody (antibody A) which reads vyrilh G-CSF. its derivative, PEG-modHted Q-CSF and its derivative, a 
quantification system specific to G-CSF (quantification system 2) employing an antibody (antibody B) which reacts spe- 
cifically with G-CSF but not with PEG-modHied G-CSF. its derivative and a G-CSF derivative, and a quantification sys- 
tem specific to G-CSF (quantification system 3) employing an antibody (antibody C) which reacts specifically with a G- 
CSF derivative but not with PEG-modrfied G-CSF or its derivative are established, and the value obtained by quantifi- 
cation system 2 or 3 is subtracted from the value obtained by quantification system 1 to obtain the value corresponding 
exclusively to PEG-modif ied G-CSF or its derivative. The method of establishing the quantification systems in the case 
where ND28 is employed as a G-CSF derivative is described below. 

1. Establishment of each quantification system 

(1) Establishment of quantification system for G-CSF or ND28 and PEG-modified G-CSF or PEG-modified ND28- 
employing antibody A. 

From 1 to 50 jig/ml of antibody A as the first antibody is dispensed in a volume of 1 0 to 1 00 nl/well to 96-weiI micro- 
plate, which is then kept at 4'»C overnight, whereby effecting coating onto the plate. After blocking, for example, with 
BSA solution [PBS solution (1.83 g of disodium hydrogen phosphate. 0.21 g of potassium dihydrogen phosphate, 7.65 
g of sodium chloride, 1 L of distilled water, pH 7.2) supplemented with 1% fetal bovine serum (BSA)]. PEG-modified G- 
CSF or PEG-modified ND28, which has previously been subjected to serial dilution, is dispensed in a volume of 50 to 
100 ^I/well, and reacted at room temperature for 2 hours or at 4'C overnight. After washing with PBS or PBS supple- 
mented with 0.5% Tween-20 (PBS-Tween), 1 to 50 jig/ml solution of antibody A labelled with biotin, an enzyme, a chemi- 
luminescent substance or a radioactive compound or the like as the second antibody is dispensed in a volume of 50 to 
100 Ill/well, and reacted at room terrperature for 1 to 2 hours. After thorough washing, a reaction appropriate for tiie 
detectable label or the second antibody is conducted, whereby establishing the quantification system for G-CSF or 
ND28 and PEG-modrfied G-CSF and PEG-modified ND28. 

(2) Establishment of quantification system for ND28 employing antibody C 

The quantification system for ND28 by sandwich ELISA is established similarly as described under (1) except that 
antibody C "rs employed as the first antibody and antibody A obtained as described under (1) as the second antibody. 

(3) Establishment of quantification system for G-CSF employing antibody B 

Ttie quantification system for G-CSF by sandwich EUSA is established similariy as described under (1) except tiiat 
antibody B is enployed as the first antibody and antibody A obtained as described under (1) as the second antibody 

The method of constructing antibody A, B and C according to the present invention in the case where ND28 is 
enrtployed as a G-CSF derivative is descrtoed below. 

2. Construction of antibody A. B and C 

(l)lmmunization of anin^ls and preparation of antibody-producing cells 

Mice or rats of 3 to 20 weeks of age are immunized with G-CSF produced by £. co// using recombinant DNA tech- 
nology. ND28 produced by 5. co// or peptide fragments thereof, such as the peptide having the 168 to 1 74th amino acid 
sequence of ND28 with cysteine (Cys) added at the N-terminal (PEG-5). the peptide having the 59th to 70th amino acid 
sequence of ND28 with Cys at the 64 position being replaced with serine (Ser) and Cys being added at the N-terminal 
(PEG-9). and the peptide having ttie 92nd to 99tti amino acid sequence of ND28 wrth Cys added at the N-terminal 
(PEG-10). To enhance immunogenicity. the peptide fragments derived from ND28 are conjugated with hemocyanine 
keyhole limpet (hereinafter referred to as KLH) or bovine serum albumin (BSA) when used in the immunization. The 
immunization of the animals is performed by subcutaneous, intravenous or intraperitoneal administi-ation using a suita- 
ble adjuvant [for example, conrplete Freund's adjuvant or aluminum hydroxide gel with pertussis vacdnej. The immuno- 
gens are administered repetitively 5 to 10 times at an interval of 1 to 2 weeks after the first administration. Three to 
seven days after each administration, t»lood sample is taken from venous plexus of the fundus of the eye. and tfie serum 
derived from the sample blood is examined for reactivity with the immunogens by, for example, enzyme-linked immuno- 
sorbent assay [see ELISA method : Published by IGAKUSHOIN (1976)]. 

Spleens are extracted from mice or rats whose serum exhibited suff'rcient antibody titer against tiie immunogens 
and then splenocytes are prepared and used as the source for antibody-producing cells. 
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(2) Preparation of myeloma cells 

Mouse-derived established cell lines are used as a myeloma cell. For example, S-azaguanine-resistant mouse 
(derived from BALB/c) myeloma cell line P3-X63Ag8-U1 (P3-U1) [Current Topics Microbiology and Immunology fil 1- 

5 7 (1978). European J. Immunology, fi. 51 1-519 (1976)]. SP2/0-Ag14 (SP-2) (Nature, 22e. 269-270 (1978)1, P3-X63- 
Ag8653 (653) [J. Immunology) m 1548-1550 (1979)] and P3.X63-Ag8 pC63) [Nature. 495-497 (1975)] may be 
used. These cell fines n^y be subcultured in an 8-azaguanine medium [prepared by supplementing RPMI-1640 
medium with glutamine (1.5 mM), 2-mercaptoethanol (5 x 10"^), gentamycine (10 ^g/ml) and fetal calf serum (PCS) 
(manufactured by CSL. 10%) (hereinafter referred to as normal medium) and further supplementing the resulting normal 

10 medium with S-azaguanine (15 ^lg/mi)l. and then transferred into the normal medium 3 to 4 days before cell fusion, 
whereby ensuring that 2x10^ cells or more are obtained on the day of the cell fusion. 

(3) Ceil fusion 

IS The antibody-producing cells obtained as described under (1) and the myeloma cells obtained as described under 
(2) are washed thoroughly with MEM medium (NISSUI SEIYAKU) or PBS (1 .83g of disodium hydrogen phosphate, 0.21 
g of potassium dihydrogen phosphate, 7.65 g sodium chloride per liter of distilled water, pH 72), and mixed in a propor- 
tion of 5 to 10 antibody-producing cells per myeloma cell, the mixture is subjected to centrifugation (1200 rpm, 5 min- 
utes), the supematant is cfiscarded and the cells which are settled are well dispersed and then admixed while stirring 

20 with the mixture containing 2 g of polyethylene glycol-1 .000 (PEG-1 ,000), 2 ml of MEM and 0.7 ml of dimethyl suHoxide 
at the rate of 0.2 to 1 ml/10^ antibody-producing cells. Then. 1 to 2 ml of MEM medium is added several times at an 
interval of 1 to 2 minutes, and subsequently MEM medium is added so that the total volume becomes 50 ml. After cen- 
trifugation (900 rpm, 5 minutes), the supernatant is discarded and the cells are dispersed gently. Then the cells are sus- 
pended gently in 100 ml of HAT medium [prepared by supplementing the normal medium with hypoxanthine (lO '^M), 

25 thymidine (1.5 x lO'^M) and aminopterin (4 x 10'^M)] by repeated drawing up into and discharging from a graduated 
pipette. 

This suspension is dispensed to a 96-well miaoplate in the volume of 200 jil/well and incubated in a 5% CO2 incu- 
bator at 37*'C for 7 to 1 4 days. 

After corrpletion of the incut)ation, an aliquot of the culture supernatant is taken and screened for the wells which 
30 react specifically with the immunogen by means of. for example, the enzyme immunoassay described in sectiori (4) 
below. Subsequently, cloning is repeated twice by the limiting dilution method [using HT medium (HAT medium minus 
aminopterine) for the 1st time and normal medium for the second time] and strains for which stable and potent antibody 
titer is exhtoited are selected as monoclonal antibody-producing hybridoma strains. 

35 (4) Selection of monoclonal antibody 

The monoclonal antilxxiy is selected by a binding assay using the enzyme immunoassay shown below. 
From 1 to 50 ^g/ml of G-CSF, ND28 or peptide fragment of ND28 conjugated with a carrier protein is dispensed to 
a 96-well microplate in a volume of from 1 0 to 1 00 ^a/well and kept at 4"'C overnight to coat the microplate. As a control, 

40 E. co/^contaminated protein NY49 is coated onto tiie microplate similarly. After blocking with, for example, a BSA solu- 
tion or the like, the hybridoma culture supernatant or the purified antibody obtained as descnlied under (5) below is dis- 
pensed as the first antibody in a volume of 50 to 100 jil/well and reacted at room temperature for 2 hours or at 4»C 
overnight After washing with PBS or PBS supplemented with 0.5% Tween-20 (PBS-Tween), 1 to 50 jig/ml solution of 
anti-mouse immunoglobulin antibody labelled with blotin. an enzyme, a chemiluminescent substance, a radioactive 

45 compound or the like as the second antibody is dispensed in a volume of 50 to 100 ^il/well, and reacted at room tem- 
perature for 1 to 2 hours. After thorough washing, a reaction appropriate for the label on the second antilxxiy is con- 
ducted, wh^^eby selecting the wells reacting specifically with the immunogen are selected. 

(5) Preparation of monoclonal antibody 

so 

The monoclonal antibody-producing hybridonrra cells obtained as described under (3) are intraperitoneally injected 
into 8 to 10 week-otd nude mice treated with pristane [by intraperitoneal administration of 0.5 ml of 2,6, 10.1 4-tetrame- 
thylpentadecane (pristane) followed by 2-week feeding] at a dose of 5 x 10^ to 2 x 10^ cells per animal. Within 10 to 21 
days, the hybridoma becomes an ascites tumor. The ascitic fluid is collected from the mice, centrtfuged (3,000 rpm, 5 
55 minutes) to remove the solid matter, subjected to salting out using 40 to 50% saturated ammonium sulfate, and then 
subjected to caprylic acid precipitation to obtain a purified monoclonal antibody, or passed through a DEAR-Sepharose 
column, a protein A-coIumn or a gel ffltration column to collect IgG or IgM fractions, thereby obtaining a purified mono- 
clonal antibody. 
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The subdass of the antibody can be determined by an enzyme immunoassay using a mouse monoclonal antibody 
typing kit (Zymed Laboratories) or rat monoclonal antibody typing kit (Nordic Immunology). The protein is quantified by 
the LoNwy method and calculation from the atssorfctance at 280 nm. 

5 (6) Screening of antibody A 

The antiserum obtained as descrtoed under (1) or the monoclonal antibody obtained as descrtoed under (5) is 
examined for its reactivity with PEG-modified G-CSF and PEG-modif ied ND28 by means of the enzyme immunoassay. 
Since PEG-modified G-CSF and PEG-mocfified ND28 are not adsorbed onto an ELISA plate, an inhibition assay is 
employed. From 1 to 50 jig/ml of G-CSF. ND28 or peptide fragment of ND28 conjugated with a carrier protein is distrib- 
uted in 1 0 to 1 00 portions into wells of a 96-we!l microplate and kept at 4*C overnight to coat the wells. After blocking 
with, for example. BSA solution or the like, serially diluted PEG-modified G-CSF or PEG-modified ND28 is dispensed 
in a volume of 50 to 100 jil/well and the antiserum obtained as described under (1) or the purified antibody obtained as 
described under (5) is dispensed in a volume of from 50 to 100 jil/well. mixed and then reacted at room temperature for 
2 hours or at 4-C overnight. After washing with PBS or PBS supplemented with 0.05% Tween-20 (PBS-Tween), from 1 
to 50 Jig/ml solution of anti-mouse immunoglobulin antibody or anti-rat immunoglobulin antibody labelled with biotin. an 
enzyme, a chemiiuminescent substance, a radioactive compound or the like as the second antibody is dispensed in a 
volume of 50 to 100 jil/well, and reacted at room temperature for 1 to 2 hours. After thorough washing, a reaction appro- 
priate for the label on the second antibody is carried out. The antiserum or monoclonal antibody whose binding activity 
is inhibited by PEG-modrtied G-CSF and PEG-modHied ND28 is selected as antit>ody A. 

(7) Screening of antibody B 

The monoclonal anttoody obtained as described under (5) is examined for its reactivity with G-CSF, ND28, PEG- 
25 rrxxlrfted G-CSF and PEG-modified ND28 by enzyme immunoassay. The reactivity with PEG-modified G-CSF and 
PEG-modHied ND28 is examined similarly as described under (6). The monoclonal antibody which reacts exclusively 
with G-CSF and does not react with PEG-modrfied G-CSF or PEG-modified ND28 is selected as antibody B. 

(8) Screening of antibody C 

30 

Similarly as described under (7), the monoclonal antibody which reacts exclusively with ND28 and does not react 
with PEG-modified G-CSF or PEG-modified ND28 is selected as antibody C. 

(9) Construction of rabbit anti-ND28 antibody 

Rabbits of ages ranging from 3 to 30 weeks are immunized with ND28 or peptide fragment of ND28 conjugated vwth 
a carrier protein at a dose of 1 to 1000 ng/animal together with an appropriate adjuvant such as complete Reund's adju- 
vant, and then, after ensuring an elevated blood serum titer, the antiserum was taken. After salting out with 40 to 50% 
saturated ammonium suHate. purification is conducted by the caprylic acid precipitation to obtain rabbit anti-ND28 anti- 
body, or IgG fractions are collected using DEAR-Sepharose column or protein A-column to obtain rabbit anti-ND28 anti- 
body. 

The following examples are further illustrative of the invention, but are not construed to limit the scope of the inven- 
tion. 

45 Eyannpig 1 

(1) Immunization of animals and preparation of antibody-producing cells 

Balb/c female mice 8 weeks of age were immunized with G-CSF produced by E, co// using recombinant DNA tech- 
50 nology. ND28 produced by E. cofior peptide fragments of ND28. For the purpose of enhancing the immunogenidty. the 
peptide fragments of ND28 are conjugated with KLH (CALBIOCHEM) using nrwnaleimidebenzoyl-N-hydroxysuccyl 
(MBS. Nakalai Tesque) as a crosslinking agent to obtain an immunogen. For the reaction with MBS. peptide was syn- 
thesized with adding Cys to the N-terminal. The method of preparing an immunogen is shown below. 

KHL was dissolved in BPS at a concentration of 1 0 mg/ml, a tenth of the volume of 25 mg/ml MBS was added drop- 
55 wise and the mixture was reacted at room temperature for 30 minutes with stirring. Free MBS was removed on a Sepha- 
dex G-25 column which had previously been equilibrated with PBS to yield 2.5 mg of KHL-MBS. which was tiien 
admixed with 1 mg of peptide dissolved in 0.1M sodium phosphate buffer (pH 7.9) and reacted at room temperature for 
3 hours with stirring. After the reaction, an immunogen was obtained by dialysis against PBS containing 0.5M sodium 
chloride. 
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Balh/c female mice 8 weeks of age were given 100 tig of the immunogen together with 2 mg of aluminum gel and 
1x10® cells of pertussis vaccine (Chiba Serum Research Center) in the first administration. After 2 weeks, weekly 
administration of 100 \ig of the immunogen was started. After 4 administrations in all. Wood was sampled from the 
venous plexus of the fundus of the eye. and the serum antibody titre was determined by the enzyme immunoassay 
described below. 

Rom the mice which exhibited sufficient increase in antibody titre against the immunogen. spleens were excised 3 
days after the final immunization. The spleens were cut into pieces in MEM medium (Nissui Phamaceutical), and disin- 
tegrated using a forceps. After cenlrifugation (1200 rpm, 5 minutes), the supernatant was discarded and the erythro- 
cytes were removed by treatment with Tris-ammonium chloride buffer (pH 7.65) for 1 to 2 minutes. The cells were then 
washed three times with MEM medium and submitted for cell fusion. 

Enzyme immunoassay (Binding assay) 

Into wells of a 96-well plate for EIA (GREINER), 10 \lqM of G-CSF. ND28. ND28 peptide fragmenl-thyroglobulin 
(THY) conjugate, Eco// contaminant protein NY49 as a negative antigen or peptide-THY conjugate other than the anti- 
gen was dispensed in a volume of 50 jU/well and the plate was kept overnight to achieve adsorption. ND28 peptide frag- 
ment-THY conjugate was prepared by a glutaraklehyde method. Thus. 1 mg of the peptide was dissolved in 0.1 M 
ammonium acetate buffer (pH 7.0) and 5 mg of THY dissolved in the same buffer solution was added to make the total 
volume 1 ml. Then, 540 ^,1 of 0.02M glutaratdehyde were added dropwise with stining and reacted at room tenrperature 
for 5 hours with stirring. After the reaction followed by dialysis against PBS overnight, ND28 peptide f ragment-THY con- 
jugate was obtained. 

After washing the plate, PBS solution containing 1 % BS A (BSA-PBS) was cfispensed in a volume of 1 00 ^I/well and 
kept at room temperature for 1 hour or at 4*'C overnight for blocking the protein binding residues remaining on the plate. 
After discarding BSA-PBS and washing thoroughly with PBS, samples (mouse serum, hybridoma culture supernatant, 
purified monoclonal antibody) diluted with BSA-PBS were dispensed as the first antibody in a volume of 50 ^l/well and 
kept at room terrperature for 2 hours or at 4'C overnight. After thorough washing with PBS-Tween. peroxidase-labelled 
anti-mouse immunoglobulin antibody (DAKO) was dispensed as the second antibody In the volume off 50 nl/well and 
kept at room temperature for 1 hour. After thorough washing with PBS-Tween, color was developed using ABTS sub- 
strate solution [prepared by dissolving 550 mg of 2,2'-azinobis(3-ethylbenzothia2olin-6-sulfonic acid) diammonium salt 
in 1 L of 0. 1 M citrate buffer (pH 4.2) and supplementing just prior to use with 1 fil/nil of hydrogen peroxide] and absorb- 
ance at 00415^^ was detemiined. 

(2) Preparation off mouse myeloma cells 

8-azaguaninB-resistant mouse myeloma cell line P3-U1 was cultivated in normal medium and harvested in an 
amount of 2 x 10^ or more at the time of cell fusion, where it was used as a parent cell line. 

(3) Preparation of hybridoma 

The mouse splenocytes obtained in Example 1-(1) and tfie myeloma cells obtained in Example 1-(2) were mixed 
in the ratio of 10:1. After the mixture was centriffuged (1200 rpm, 5 minutes), the supernatant was discarded and tine 
cells which settled were throughly loosened and then, with stirring, the mixture containing 2 g of polyethylene glycol- 
1.000 (PEG-1.000). 2 ml off MEM and 0.7 ml of dimethyl suHoxide were added at 37*'C to the cells in an amount of 0.2 
to 1 mI/10® mouse splenocytes. Then from 1 to 2 ml off MEM medium was added several times at an interval off 1 to 2 
minutes, and subsequentiy MEM medium was added so that the total volume became 50 ml. After centrifugation (900 
rpm, 5 minutes), the supematant was discarded and the cells were loosaied gently. Then, the cells were suspended 
gentiy in 100 ml off HAT medium by repeated drawing up into and discharging from a graduated pipette. 

The suspension was dispensed into wells of a 96-welI microplate at a volume of 200 ^il/well and incubated in a 5% 
CO2 incubator at 37'C for 1 0 to 14 days. The cuftivated supernatant was selected from tiie wells which react specifically 
with the immunogen by the enzyme immunoassay described in Example 1-(1) above. Subsequently, cloning was 
repeated twice using HT medium and normal medium to obtain a hybridoma strain. 

As shown in Figure 1 . hybridoma KM341 . KM342, KM509 and KM510 were selected as the hybridomas producing 
the monoclonal antibodies which reacted with G-CSF and ND28. KM343 as the hybridoma producing the monoclonal 
antibody which reacted with G-CSF but not with ND28. and KM498 and KM51 1 as the hybridomas producing the mon- 
oclonal antibody which reacted with ND28 but not with G-CSF. 
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(4) Purification of monoclonal antibody 

The hybridoma strains obtained In Btample l-(3) were respectively adniinistered to pristane-trealed nude mice 8 
weeks of age by intraperitoneal injection at a dose of 5 to 20 x 10^ cells/animal. Within 10 to 21 days, the hybridoma 
became an ascitic tumor. The ascites fluid was taken from each ascitic fluid-carrying mouse (1 to 8 ml/animal) and cen- 
trifuged (3000 rpm, 5 minutes) to remove solid matter. In the case of a monoclonal antibody of the class IgM, the super- 
natant was subjected to salting out with 50% ammonium sulfate, followed by dialysis against PBS supplemented with 
0.5 M sodium chloride, followed by passing through Cellulofine QSL 2000 (SEIKAQAKU CORP.) column (bed vol- 
ume:750 ml) at a flow rate of 15 ml/hour thereby collecting IgM fraction as the purified monoclonal antibody. In the case 
of a monoclonal antibody of the class IgG. the supennatant was purified by a caprylic acid precipitation method (Anti- 
bodies-A l_aboratory Manual, Cold Spring Harbor l_aboratory, 1988), whereby a purified monoclonal antibody was 
ot>tained. 

The subclasses of the antibodies were determined by enzyme immunoassay using a sut>class typing kit. The sub- 
classes of the hybridomas obtained in Example 1 -(3) are shown in Table 2. 



Table 2 



Monoclonal Antibody 


KM341 


KM342 


KM343 


KM498 


KM509 


KM510 


KM511 


Subclass 


G1 


G1 


G1 


G1 


G2a 


G1 


G1 



(5) Study of the reactivity with PEQ-modified G-CSF and PEG-modified ND28 



25 



The reactivity of the monoclonal antibody produced by the hybridoma obtained in Example 1 -{4) with PEG-modif led 
G-CSF and PEG-modified ND28 was examined by the inhibition assay using the enzyme immunoassay as described 
below. The molecular weight of PEG which constituted PEG-modified G-CSF and PEG-modrfied ND28 was about 
10,000, and 3 molecules of PEG were bound to each molecule of G-CSF or ND28. 
30 ' 1 0 Wml of each immunogen was dispensed to a 96-weII microplate in a volume of 50 ^IMell and kept at 4*C to 
coat the plate, which was then blocked with BSA-PBS. Serially diluted PEG-modified G-CSF or PEG-modified ND28 at 
a concentration of 100 jig/ml to 0.1 jig/ml was dispensed in a volume of 50 fii/well, and the purified antibody obtained 
in Example l-(4) was dispensed in a volume of 50 jxl/well. mixed, and then reacted at room temperature for 2 hours. 
After washing thoroughly with PBS-Tween. peroxidase-labelled anti-nrrouse immunoglobulin antibody (produced by 
35 DAKO) was dispensed in a volume of 50 ni/well, and kept at room temperature for 1 hour. After washing thoroughly with 
PBS-Tween. color was da^eloped similarly as in Example 1-(1) and absorbance at OD4i5nm was measured. As shown 
in Figure 2. the binding activity of monoclonal antibodies KM341. KM509 and KM510 produced by hybridoma KM341 , 
KM509 and KM510, respectively, which were included in the hybridomas selected in Example 1-(3), was inNbited by 
PEG-modified G-CSF and PEG-modified ND28 in a dose-dependent manner, indicating these monoclonal antibodies 
4o react with PEG-modified G-CSF and PEG-modified ND28. 

(6) Construction of rabbit anli-ND28 antibody 

100 jig/animal of ND28 produced by E.co// by means of recombinant DNA engineering were administered subcu- 
45 taneously 4 times at the interval of 1 week together with complete Freund's adjuvant (Nakalai Tesque). and then 1000 
fig/animal of ND28 were administered 6 times at an interval of 2 weeks together with incomplete Freund adjuvant. After 
determing an elevated blood antibody titer by enzyme immunoassay, the antiserum was taken. By means of a caprylic 
acid precipitation method and salting out using 50% saturated ammonium sulfate, an IgG fraction was collected as the 
rabbit anti-ND28 antibody. Rgure 3 shows the reactivity of the rabbit anti-ND28 antibody with ND28. G-CSF and PEG- 
50 nxxiified ND28. 

(7) Establishment of quantification system for G-CSF. ND28. PEG-modrfied G-CSF and PEG-modHied ND28 using mon- 
oclonal antibody reacting with PEG-modified G-CSF and PEG-nKxlified ND28 

55 Using the monoclonal antibody reacting with PEG-modrfied G-CSF and PEG-modified ND28 selected in Example 
1(5) and the rabbit anti-ND28 antibody constructed in Exanrple 1-(6), a quantification system for PEG-modrtied ND28 
by the sandwich ELISA method was examined. Then, 10 jig/ml of the monoclonal antibody reacting with PEG-mocfified 
G-CSF and PEG-modrfied ND28 or the rabbit anti-ND28 antibody were dispensed as the first antibody in a volume of 
50 Ml/well into a 96-well microplate, which was kept at 4''C overnight to coat the plate. After blocking wHh BSA solution, 
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PEG-mcxiified ND28, which had been subjected to a 2-fokl serial dilution to a concentration within the range from 160 
ng/ml to 0.15625 ng/ml. was dispensed at a volume of 50 nl/well and reacted at 4<»C overnight. After washing. 10 ^g/ml 
of biolin-labelled monoclonal antibody reacting with PEG-mo<fif ied Q-CSF and PEQ-modrfied ND28 or rabbit anti-ND28 
antibody was dispensed at a volume of 50 ^il/well and reacted at room temperature for 1 to 2 hours. After thorough wash- 
ing, avidin-peroxidase (produced by VECTOR) was dispensed in a volume of 50 ^l/well, and reacted at room tempera- 
ture for from 1 to 2 hours. After thorough washing with PBS-Tween. color was developed sintilarly as in Example 1-(1) 
and the absorbance at OD4,5nn, was measured. Among 16 combinations of the first antibodies with the second anti- 
bodies, the corrtiination of KM509 as the first antibody and the rabbit anti-ND28 antibody as the second antibody was 
selected as the combination by which PEG-modified ND28 could be detected at the highest sensitivity. The system 
enploying this contiination provided the quantification curves for G-CSF, ND28. PEG-modHied G-CSF, PEG-modified 
ND28 and interferon y as shown in Figure 4. As evident from Figure 4, this system was able to detect ND28, G-CSF. 
PEG-modrfied Q-CSF and PEG-modified ND28 at the same sensitivity. 

(8) Establishment of quantification system for ND28 using anti-ND28 monoclonal antibody 

From the monoclonal antibodies produced by the hybridomas obtained in Example l-(3), KM498 or KM51 1 . which 
reacted wrth ND28 but not with G-CSF. PEG-modified G-CSF or PEG-modified ND28. was used as the first antibody, 
and the rabbit anti-ND28 antibody constructed in Example 1 -(6) was used as the second antibody to examine the quan- 
tification system specific to ND28 by the sandwich ELISA. As a result, the combination of KM511 as ttie first anttoody 
with the rabbit anti-ND28 anttoody as the second antibody was selected. The system employing tiiis combination pro- 
vided the quantification curves for G-CSF. ND28, PEG-modified G-CSF, PEG-modified ND28 and interferon y as shown 
in Figure 5. As is evident from Rgure 5, this quantification system was able to detect ND28 specifically 

(9) Establishment of quantification system for G-CSF using anti-G-CSF monoclonal antibody 

From the monoclonal antibodies produced by the hybridomas obtained in Example 1-{3). KM343, which reacted 
witit G-CSF, but not with ND28, PEG-modified G-CSF or PEG-modified ND28, was used as the first antibody, and the 
rabbit anti-ND28 antibody constructed in Example 1-(6) was used as tiie second antibody to establish the quantification 
system specific to G-CSF by the sandwich ELISA. This quantification system provided the quantification curves for G- 
CSF, ND28. PEG-modHied G-CSF, PEG-modified ND28 and interferon y as shown in Figure 6. As is evident from Rgure 
6, this quantification system was able to detect G-CSF specifically 

(ID) Quantification of PEG-modified ND28 

By subtracting the value obtained by tiie quantification system specific to ND28 established in Example 1-(8) and 
the value obtained by the quantification system specific to G-CSF established in Eample 1-(9) from tiie value obtained 
by quantification system established in Example 1 -(7), PEG-modified ND28 could be quantified at a high sensitivity. 

Example 2 

(1) Establishment of PEG-modified ND28 and ND28 using anti-ND28 anttoody (quantification system 1) 

From the anti-ND28 antibody obtained in Example 1-(6). peroxidase-labelled rabbit anti-ND28 antibody Fab* was 
constructed by hinge method [Enzyme immunoassay, 3rd Ed., IGAKUSHOIN). 

Using \he rabbit anti-ND28 antibody as thef irst antibody and the peroxidase-labelled rabbit anti-ND28 antibody Fab' 
as the second antflbody. a quantification system for PEG-modified ND28 and ND28 tjy the sandwich ELISA was estal> 
lished. The quantification curves of PEG-nxxiif ied ND28 and ND28 by tiiis quantification system are shown in Figure 7. 
As is evident from Figure 7, this quantification system was able to quantify ND28 and PEG-modified ND28. 

(2) Establishment of quantification system for ND28 

Using KM51 1 , which is a monoclonal antibody which reacts with ND28 but not with G-CSF, PEG-modified G-CSF 
or PEG-modified ND28, as the first antibody and tiie peroxidase-labelled rabbit anti-ND28 antibody as the second anti- 
body, the quantification system for ND28 by the sandwich ELISA was established. The quantification curves of PEG- 
modified ND28 and ND28 by this quantification system are shown in Rgure 8. As is evident from Rgure 8, this quanti- 
fication system was able to quantify ND28. 
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(3) Quantaication of PEG-modified ND28 

Similar to Example 1. by subtracting the value obtained by the quantification system specific to ND28 established 
in Example 2-(2) from the value obtained by quantification system for ND28 and PEG-modified ND28 established in 
5 Example 2-{1), PEG-modrfied ND28 could be quantified at a high sensitivity. 

Example 3 

Quantification of PEG-modtfied ND28 in the blood of rats treated with PEG-modified ND28 

Using tiie quantHication system established in Example 2-<3), PEG-modified ND28 in the Wood of rats treated with 
PEG-modHted ND28 was determined. In addrtion, using the quantification system established in Example 2-(2), ND28 
In the blood of rats treated with ND28 was determined. 50 ^igMg body weight of PEG-modified ND28 or ND28 was 
administered intravenously to rats, and then the serum was taken at the indicated time intervals to determine serum 
15 PEG-modrfied ND28 or serum ND28. The results are shown in Rgure 9. As is evident from Figure 9. PEG-modHied 
ND28 exhibited the blood clearance which was reduced significantly when compared with ND28. 

While the invention has been described in detail and with reference to specific examples tiiereof. it will be apparent 
to one skilled in the art tinat various changes and modifications can be made therein wittiout departing from the spirit 
and scope thereof. 
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(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: KYOWA HAKKO KOGYO CO., LTD. 

(B) STREET: 6-1, Ohtemachi 1-chome 

(C) CITY: Chiyoda-ku 

(D) STATE: Tokyo 

(E) COUNTRY: Japan 

(F) POSTAL CODE (ZIP): 100 

(G) TELEPHONE: 03-3282r0036 

(H) TELEFAX: 03-3282-1527 

(ii) TITLE OF INVENTION: IMMUNOLOGICAL ASSAY FOR QUANTIFYING 

PEG-MODIFIED HUMAN GRANULOCYTE COLONY STIMULATING FACTOR 



(iii) NUMBER OF SEQUENCES: 1 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 ( 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: JP Hei-6-311763 

(B) FILING DATE: 15-DEC-1994 



30 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 175 amino acids 

(B) TYPE: amino acid 

35 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

fv) FRAGMENT TYPE: N- terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 



(ix) FEATURE: 

(A) NAME/KEY: Modif ied-site 

(B) LOCATION: 0 ' ' 

(D) OTHER INFORMATION: /product= "OTHER" 
/note= is H or Met. " 



(ix) FEATURE: 

(A) NAME/KEY: Protein 

(B) LOCATION: 1 . .174 

(D) OTHER INFORMATION: /product^ "OTHER'* 
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/note= "human granulocyte colony stimulating factor" 

(X) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: US 5,214,132 A 

(I) FILING DATE: 12-APR-1989 

(J) PUBLICATION DATE: 25-MAY-1993 

(K) RELEVANT RESIDUES IN SEQ ID NO: 1: FROM 1 TO 175 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Xaa Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu 
1 5 10 15 

Lys Cys Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu 
20 25 30 

Gin Glu Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro Glu Glu Leu 
35 40 45 

Val Leu Leu Gly His Ser Leu Gly He Pro Trp Ala Pro Leu Ser Ser 
50 55 60 

Cvs Pro Ser Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser Gin Leu His 
65 70 75 

Ser Gly Leu Phe Leu Tyr Gin Gly Leu Leu Gin Ala Leu Glu Gly lie 
80 B5 90 95 

Ser Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val Ala 
100 105 110 

ASP Phe Ala Thr Thr He Trp Gin Gin Met Glu Glu Leu Gly Met Ala 
^ 115 120 125 

Pro Ala Leu Gin Pro Thr Gin Gly Ala Met Pro Ala Phe Ala Ser Ala 
130 135 140 

Phe Gin Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gin Ser 
145 150 155 

Phe Leu Glu Val Ser Tyr Arg Val Leu Arg His Leu Ala Gin Pro 
160 165 170 



Claims 

1. An immunological assay for quantifying PEG-modified human granulocyte colony stimulating factor or derivatives 
thereof in a sanple conprising bringing into contact with said sample an antibody which reacts with the human 
granulocyte colony stimulating factor or its derivative and with PEG-modified human granulocyte colony stimulating 
factor or its derivative and a monoclonal antilxxly which reacts specif icaily with the human granulocyte colony stim- 
ulating factor or its derivative but not with the PEG-modified human granulocyte-coiony stimulating factor or its 
derivative. 

2. The method according to Oaim 1 wherein the antibody which binds to the human granulocyte colony stimulating 
factor or its derivative and the PEG-modified human granulocyte colony stimulating factor or its derivative is a pol- 
yclonal antibody. 
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3. The method according to Claim 1 wherein the antibody which binds to ttie human granulocyte colony stimulating 
factor or its derivative and the PEG-modified human granulocyte colony stimulating factor or Its derivative Is a mon- 
oclonal antibody 

5 4. The method according to Claim 1 wherein the antibody which binds to the human granulocyte colony stimulating 
factor or its derivative and the PEG-modifled human granulocyte colony stimulating factor or its derivative is a mon- 
oclonal antibody produced by hybridoma KM509 (PERM BP-4774). 

5. The method according to Claim 1 , 2. 3 or 4 wherein the human granulocyte colony stimulating factor derivative is 
w human granulocyte colony stimulating factor derivative ND28. 

6. The method according to Claim 1 . 2, 3 or 4 wherein the immunological assay is an enzyme solid-phase sandwich 
immunoassay. 

15 7. A monoclonal antibody which reads specifically with human granulocyte colony stimulating factor or its derivative 
but not with PEG-modified human granulocyte colony stimulating factor or its derivative. 

8. A monoclonal antibody which reacts with human granulocyte colony stimulating factor or its derivative and with 
PEG-modifled human granulocyte colony stimulating factor or its derivative. 

20 

9. The monoclonal antibody according to Claim 7 which is produced by hybridoma KM343 (PERM BP-4879) and 
which reacts specHically with the human granulocyte colony stimulating factor but not with human granulocyte col- 
ony stimulating factor derivative ND28, PEG-modified human granulocyte colony stimulating factor or PEG-modified 
human granulocyte colony stimulating factor derivative ND 28. 

25 

1 0. The monoclonal antibody according to Qaim 7 which is produced by hybridoma KM51 1 (FERN BP-4880) and which 
reacts specifically with human granulocyte colony stimulating factor derivative ND 28 but not with the human gran- 
ulocyte colony stimulating factor, PEG-modHied human granulocyte colony stimulating factor or PEG-modified 
human granulocyte colony stimulating factor derivative ND 28. 

30 

11. The monoclonal antibody according to Claim 8 which is produced by hybridoma KM509 (PERM BP-4774) and 
which reacts witii the human granulocyte colony stimulating factor, human granulocyte colony stimulating factor 
derivative ND28. PEG-modified human granulocyte colony stimulating factor and PEG-modified human granulocyte 
colony stimulating factor derivative ND 28. 

35 
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Figure 1 
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Figure 3 
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Figure 6 
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Figure 8 
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